Background: Enrofloxacin is a bactericidal antimicrobial drug in the fluoroquinolone group, developed for use only in the veterinary field. It is effective against gram negative and gram positive bacteria, Mikoplazma, Rickettsia, Ehrlichia ve Chlamydia. Enrofloxacin is converted to several effective and ineffective metabolites including ciprofloxacin. Ten to fifty percent of the drug is eliminated via urine and bile in unmetabolized form. Enrofloxacin is used in all domestic animal including ruminant and winged animals. In calves, enrofloxacin finds utilization in the respiratory system infections, septicemia caused by colibacillosis and in cases of intestinal inflammation by oral and parenteral ways. There are around 1920 enrofloxacin preparations with different formulations in Turkey. Eight hundred fifty-five of these preparations are in the form of parenteral solutions that are ready for use. In this study, the pharmacokinetics of two enrofloxacin preparations that are used in calves were investigated. Materials, Methods & Results: Ten female calves (Jersey strain, 46-50 day-old) were included. The animals were taken to a separate environment 15 days in advance, and medication administration was restrained. Throughout the trial, the animals were fed with unmedicated feed. Calf growing feed, water, and hay were given freely as feed. They continued to be fed by 3 liters of milk twice a day. The study was reviewed by Ankara University Animal Trials Local Ethics Committee and approved with decision number 2007-7-17 and file number 2007-56. The calves were divided into two groups including five calves each. Reference drug and test drug were administered intramuscularly at a dose of 2.5 mg per kg to group 1 and group 2, respectively. Blood samples were taken before (0.0 min) and after the drug administration at 0.25, 0.5, 1, 2, 4, 8, 12, 18, 24 and 36th h. The method used by Anadon et al. was used for plasma enrofloxacin extraction and concentration. The chemicals, drugs, and solutions that were used in the study are acetonitrile, triethylamine, methanol, enrofloxacin (provided by Bayer Turk), reference drug (50 mg/mL injectable enrofloxacin, 20 mL per vial), test drug (100 mg/mL injectable enrofloxacin, 20 mL per vial). The pharmacokinetic variables were investigated after parenteral administration of reference and test drugs. The plasma concentration-time curve for each animal showed that enrofloxacin followed the two-compartment open model. There was statically significant differences in area under curve, absorption rate constant and absorption half-life between reference and test drugs (P < 0.05). However these differences were evaluated as insignificant from the point of clinical pharmacology. Peak plasma concentration was reached 0.8-1.2 h after the administration of both reference and test drugs. It was also seen that the drug concentration stayed above 0.5 µg/mL for approximately 4 h and decreases to 0.04 µg/mL at the 36th hour after administration. Discussion: The results obtained for both reference and test drugs in this study show that enrofloxacin is well absorbed from the gastrointestinal track. The drug concentration in plasma continues to be higher than 0.5 mg/mL during the first 24 h. The authors of this study think that the differences that were found in this study regarding pharmacokinetic variables are not significant regarding clinical pharmacology although some statistically significant differences were found. The results of this study imply that both reference and test drugs may be used interchangeably.
INTRODUCTION
Enrofloxacin is a bactericidal antimicrobial drug in the fluoroquinolone group, developed for use only in the veterinary field [4, 5, 9] . It is effective against gram negative and gram positive bacteria, Mikoplazma, Rickettsia, Ehrlichia and Chlamydia [6, 7] . Enrofloxacin is used in all pets, especially in the ruminant and poultry. In calves, enrofloxacin finds utilization in the respiratory system infections, septicemia caused by colibacillosis and in cases of intestinal inflammation by oral and parenteral ways [3, 5, 8] .
The rate and extent of enrofloxacin distribution across tissue barriers are also high. The volume of distribution volume is large and ranges between 0.6-3.0 L/ kg among animal species. The peak drug concentrations (Cmax) in saliva and bronchial secretion are lower than Cmax in serum. However, Cmax in lung tissue is higher than that in serum [13] . The concentration in the lung may be many times more than the concentration in the plasma in calves and cattle. Enrofloxacin hardy passes into the cerebrospinal fluid [1] . The absorption from the gastrointestinal system in calves and winged animals is above 50% and 60%, respectively. In calves, the Cmax reaches to 0.9 µg/mL at the 60th min after administration at a dose of 2.5 mg/kg and continues to be above 0.5 µg/mL in the first 12 h period [11] . Enrofloxacin shows similar pharmacokinetic characteristics in cattle.
There are around 1920 enrofloxacin preparations with different formulations in Turkey. Eight hundred fifty-five of these preparations are in the form of parenteral solutions that are ready for use [12] . In this study it were investigated the pharmacokinetics of two enrofloxacin preparations that are used in calves.
MATERIALS & METHODS

Chemicals, drugs and solutions
The chemicals, drugs, and solutions that were used in the study are as follows [12] .
Acetonitrile: Gradient Grade for Liquid Chromatograph, Merck 100030 The study was conducted with ten female calves of Jersey race and 46-50 days old (mean 40-45 kg) at Karaköy Agricultural Enterprise. The animals were taken to a separate environment 15 days in advance, and medication administration was restrained. Throughout the trial, the animals were fed with unmedicated feed. Calf growing feed, water, and hay were given freely as feed. They continued to be fed by 3 liters of milk twice a day. The study was reviewed by Ankara University Animal Trials Local Ethics Committee and approved with decision number 2007-7-17 and file number 2007-56.
Grouping of the Animals, Administrating the Drugs, Collecting Blood Samples and Drug Analysis in Plasma.
The animals were weighed one day before the drug administration for accurate dosage purposes. The animals were divided into two groups (Group 1 and Group 2) each consisting of 5 animals. Group 1 was assigned to the reference drug group, and Group 2 was assigned to the test drug group. In both groups, the drugs were administered intramuscularly (m.semitendinosus, m.semimembranosus). The dose for all administrations was determined as 2.5 mg/kg. 8-10 mL blood was collected from the animals through V. jugularis in vacuumed heparinized tubes before the administration (0.0 min), and starting at 0.25th h following the drug administration at 0.5th, 1st, 2nd, 4th, 8th, 12th, 18th, 24th and 36th h. Plasmas were stored at -20ºC until the drug analyses. The analyses were performed within two months.
Sixty min after collecting the blood samples, the plasma was separated by centrifuge at 704 g for 10 min. The extraction and sample measurement in enrofloxacin analyses in the plasma was conducted by Düzen Laboratories Group using high pressure liquid chromatography. In the extraction and measurement of enrofloxacin from the plasma, the method used by Anadon et al. was taken as a basis. According to this, 200 µL plasma was taken into Eppendorf tubes; 300 µL acetonitrile was added. The tubes were capped and gently vortexed (2 min). Then, they were centrifuged at 489 g for 10 min. The acetonitrile part at the top was taken into vials with an insulin injector; 300 µL deionized water was added and gently vortexed (0.5 min). The vials were submitted to high pressure liquid chromatography. The automated sampler was set to 280 nm wavelength and to use 20 µL from this extract. It was submitted to the device for 12 min. The flow rate of the mobile phase was set at 1 mL/min and the column temperature as 30ºC. Before the extraction, the retention time, recovery and sensitivity limit were calculated. The standard curves were drawn according to the results obtained.
Pharmacokinetic calculations and statistical calculations
The calculations for plasma drug concentration distribution phase rate constant (αlpha), absorption rate constant (ka), alpha half-life (t½α), elimination phase rate constant (beta), beta half-life (t½β), mean residence time (MRT; the period required for the elimination of 63.2% of the drug) were made with Pharmacokinetic Calculation (PKCALC) program which is based on the equation reported by Shumaker and Wagner [16, 17] . For the statistical calculations, the "SPSS 11.0 for Windows" statistics package program 3 was used. Data were presented as an arithmetic mean±standard deviation or the pharmacokinetic data, One-Way Analysis of Variance (ANOVA) was used, and the differences between the groups were evaluated through Duncan test.
RESULTS
The plasma enrofloxacin concentrations of the reference and test drugs are shown in Table 1 . It is shown in the table that Cmax is reached 0.8-1.2 h after the administration of both reference and test drugs. It is also seen that the drug concentration stays above 0.5 µg/mL for approximately 4 h and decreases to 0.04 µg/mL at the 36th h after administration. The differences in pharmacokinetic variables after intramuscular administration of enrofloxacin for reference and test drugs are shown in Table 2 .
DISCUSSION
Enrofloxacin is effective against bacteria that are resistant to antibiotics such as aminoglycosides and tetracyclines. The superiority of enrofloxacin is related with the better tolerability in the gastrointestinal tract, good absorption after gastrointestinal and parenteral administration, good penetrance to tissues including prostate and joint liquids, large distribution volume, good penetrance to intracellular compartment and effect to intracellular bacteria and bactericidal effect at low concentrations [3, [7] [8] [9] [10] 15] .
Enrofloxacin is converted to several effective and ineffective metabolites including ciprofloxacin. As much as ten percent or fifty percent of drug is eliminated via urine and bile in unmetabolized form. Enrofloxacin is used in all domestic animal including ruminant and winged animals. It is used in septicemia caused by colibacillosis, intestinal infections and respiratory infections in calves [3, 5, 8] In this study, it was seen that the distribution of enrofloxacin is fast after the administration and absorption of the drug. The alpha half-life (t½α) was found as 2.09 ± 0.27 h and 2.29 ± 0.34 h for reference and test drugs, respectively. These half-life periods are longer than the half-life results that were found in a study performed by Parlar and Kaya Table 1 . Plasma drug concentration-time curve after intramuscular administration (2.5 mg/kg) of enrofloxacin in reference and test drugs.
All the differences between reference and test drug were statistically insignificant (P < 0.05).
ence and test drugs, respectively, after administration of the drug via drinking water. Anadon et al. found alpha half-life as 1.43 ± 0.10 h via craw administration and as 0.07 ± 0.01 h via intravascular administration [2] . Elmas et al. [6, 7] found alpha half-lives as 2.37 ± 0.25 h and 0.62 ± 0.13 h via oral and intravascular administration from the same group. The authors also found that alpha half-lives were 1.48 ± 0.47 h and 1.7 ± 0.43 h via oral and intramuscular injection with HPLC technique [6, 7] . By using agar gel diffusion technique, Kaya et al. found alpha half-lives as 0.24 ± 0.03 h via intravascular administration, 2.09 ± 0.75 and 3.97 ± 1.40 h for two test drugs via craw administration [11] . In this study, the elimination phase half-life (t½β) of enrofloxacin was found as 21.25 ± 3.80 h and 30.83 ± 15.15 h for the reference and test drugs, respectively. These values are higher than those found by Anadon et al. [1] and Elmas et al. [7] but lower than that found by Parlar and Kaya [14] and Kaya et al. [11] By using agar gel diffusion technique, Anadon et al.
[1] found t½β as 2.5-3.0 h after administration of the drug by drinking water. The same author found t½β as 14.23 ± 0.46 h by using high-pressure liquid chromatography after administration via craw.
[1] By using high-pressure liquid chromatography, Elmas et al. [7] found t½β values as 9.26 ± 0.65 and 8.15 ± 0.18 h via oral administration and 4.70 ± 0.44 h via intramuscular injection [6, 7] . By using agar gel diffusion technique, Parlar and Kaya [14] found t½β values as 17.32 ± 1.69 h for reference drug and 5.33 ± 0.21 and 34.65 ± 2.72 h for test drugs after administration via drinking water. Kaya et al.
[11] found 14.82 ± 4.67 h for reference drug and 26.38 ± 11.64 h for test drug by using agar gel diffusion technique.
In this study, distribution phase rate constant (alpha) showed the low duration of distribution phase. Alpha value was found as 0.35 ± 0.05 and 0.32 ± 0.04 h −1 for reference and test drugs, respectively. The difference was statistically insignificant.
In this study, Tmax was 1.00 ± 0.27 h for reference drug and 1.20 ± 0.20 h for test drug. These values are similar to those that were found by Elmas et al. 1.09 ± 0.28 h) by using high-pressure liquid chromatography via intramuscular administration. Cmax was 1.12±0.10 µg/mL for reference drug and 1.66±0.154 µg/mL for test drug. These Cmax values are similar to that found by Posniak et al. [15] [high pressure liquid chromatography and craw administration (0.92 ± 1.10 µg/mL and 0.98 ± 0.10 µg/mL for reference and test drugs, respectively)] and by Anadon et al. [1] (agar gel diffusion technique, administration via drinking water, 1.40 µg/mL). However, Elmas et al. [6] found higher values (3.25 ± 0.29 µg/mL) via intramuscular injection and high pressure liquid chromatography technique.
The results obtained for both reference and test drugs in this study show that enrofloxacin is well absorbed from the gastrointestinal track. The drug concentration in plasma continues to be higher than 0.5 mg/mL during the first 24 h.
CONCLUSIONS
We think that the differences that were found in this study regarding pharmacokinetic variables are not significant regarding clinical pharmacology although some statistically significant differences were found. The results show that reference and test drugs are not similar. Test drug is absorbed better than reference drug and may be used interchangeably with reference drug. Cmax (µg/mL) 1.12 ± 0.10 1.66 ± 0.15 Table 2 . Some pharmacokinetic variables of reference and test drug.
SD: standard deviation, Min-Max: Minimum-Maximum; Different letters in the same rows (a, b) are statistically significant (P < 0.05).
